Incidences of cedar apple rust and quince rust, caused by Gymnosporangium juniperi-virginianae and G. clavipes, were collected over several years from 1995 (23 entries) and 1999 (22 entries) planting groups of new apple cultivars and selections established at multiple locations. Cultivar Golden Delicious was the standard. Incidence of cedar apple rust on leaves and fruit and quince rust on fruit were analyzed. Only two analyses had significant cultivar × location interactions, suggesting differences within the cedar apple rust fungus. Cedar apple rust on fruit did not vary by location. Incidence of quince rust on fruit varied among cultivars by location. Incidences of cedar apple rust and quince rust on fruit were not related.
Introduction
Several rust pathogens cause important diseases of apples (Malus domestica) in the eastern United States and southern Canada. Cedar apple rust, quince rust, and hawthorn rust, caused by Gymnosporangium juniperivirginianae, G. clavipes, and G. globosum, respectively, are the most important rust pathogens in this region (14) . Disease outbreaks can occur under favorable conditions from early bloom through late spring (5) . Losses can be severe, especially under periods of prolonged wet weather in areas with high populations of the main alternate host, eastern red cedar (Juniperis virginianae) (Fig. 1 ).
Susceptibility ranking of various apple cultivars to diseases often depends on observations at single locations made by plant pathologists, plant breeders, growers, and nursery personnel in the field. Several researchers have observed differences among apple cultivars in susceptibility to rust diseases, although there have been no new reports during the past 15 years (1, 18, 23, 24) . In 1994, a regional project was initiated to examine the performance of new apple cultivars in replicated trials under a wide range of climatic and edaphic conditions. The project (NE-183), entitled "Multidisciplinary Evaluation of New Apple Cultivars" (currently NECC-1009 "Multidisciplinary Evaluation of New Tree Fruit Cultivars"), began with 26 cooperators in 18 states and two Canadian provinces. A primary objective of the NE-183 project was to evaluate horticultural qualities and pest and pathogen susceptibility of new apple cultivars, strains, and advanced selections with commercial potential and to determine the limitations and positive attributes of these cultivars (6, 7, 8, 10, 11, 12, 13, 15, 22, 25) . This study reports relative susceptibility of new apple cultivars and selections to G. juniperi-virginianae and G. clavipes. Images of symptoms of these diseases are presented in Figs. 2 through 8. 
Diseases Ratings
Field evaluations for the incidence of rust diseases on apple can be difficult because of the similarity of symptoms caused by the various pathogens, although some distinctions can be made based on pathogen signs on particular plant organs and lesion size on various host cultivars. Evaluations only addressed susceptible lesion types and very small putative resistant reactions were not included in disease assessments presented herein because of the potential for confusion with other causal agents (captan injury, frog eye leaf spot, and others) (21) . All leaves were rated on 5 to 10 terminal shoots in early to mid-summer after it appeared that all cedar rust lesions had developed. Evaluation dates usually were on or near 7 August in Connecticut, 24-25 June in West Virginia, 25 June to 9 July in Virginia; 2 August in New York, and 15 June in North Carolina. Dependent variables were percent of leaves with pycnial lesions and percent fruit with cedar apple rust, and percent fruit with quince rust. Hawthorn rust on leaves could not be separated from cedar apple rust reliably based on visible signs and symptoms; however, based on assessments of gall incidence on the alternate host, it was determined that the incidence of hawthorn rust was generally low, except for the 1999 planting in New York where hawthorn rust was relatively common on leaves (20) . Rust incidence data were collected at all locations in all years, but for the purposes of determining relative cultivar susceptibility, only data sets that showed a minimum of 10% cedar apple rust leaf infection incidence on the cultivar Golden Delicious were included in the analysis. For the 1995 planting, those data sets included North Carolina (1998); Virginia (1997 and 1998); West Virginia (1995, 1996, and 1997 (2000, 2001, 2002, 2004) . Each variable was analyzed in a mixed model analysis of variance (PROC MIXED, SAS Institute Inc., Cary, NC) in which sources of error were the fixed effects (cultivar and location) and random effects of replicate, year, interaction of replicate and year, and interaction of cultivar and year, where each of these was nested within location. The Waller Duncan k-ratio t-test method was used for mean comparisons. Linear regression was used to examine the relationship between incidences of cedar apple rust and quince rust on fruit (PROC REG, SAS).
Cedar Apple Rust
1995 group -leaves. Across all cultivars and locations, mean disease incidence ranged from 0% (Golden Supreme, Gala Supreme, and Enterprise) in North Carolina to 45.2% for Creston in Connecticut (Table 1) . Mean disease incidence of the standard Golden Delicious ranged from 17.1% in West Virginia to 33.2% in Connecticut. Incidence of cedar apple rust on leaves varied significantly among cultivars (P = 0.0001), but did not vary by location (P = 0.63). The cultivar × location interaction was not significant (P = 0.97). Creston, Shizuka, GoldRush, Braeburn, and Cameo were generally the most susceptible, whereas Golden Supreme, Gala Supreme, NY 75414-1, and Enterprise generally exhibited the lowest incidences of leaf rust (Table 1) .
1995 group -fruit. Across all cultivars and locations, mean disease incidence ranged from 0% for many cultivars in both Virginia and New York to 6.4% for Yataka in Virginia and 5.3% for GoldRush in New York (Table 1) . For the standard Golden Delicious, mean disease incidence ranged from 0.8% in Virginia to 0.2% in New York. Incidence of cedar apple rust on fruit did not vary among cultivars (P = 0.95) or locations (P = 0.82), and the cultivar × location interaction was not significant (P = 0.84). Incidence of cedar apple rust on leaves was not correlated with incidence on fruit (P = 0.42).
1999 group -leaves. Across all cultivars and locations, mean disease incidence ranged from 0% for Sundance, Runkel, NY 79507-19, and NY 79507-49 in Virginia to 44.7% for Pinova in New York (Table 2 ). For the standard Golden Delicious, mean disease incidence ranged from 15.6% in Virginia to 39.2% in New York. Incidence of cedar apple rust on leaves varied among cultivars (P = 0.0001), locations (P = 0.0089), and for cultivar × location (P = 0.0001). CQR10T17, Scarlet O'Hara, Crimson Crisp, Chinook (Fig. 2) , and Princess were very susceptible at both sites, whereas Zestar, Sundance, NY 65707-19, NY 79507-72, and NY 79507-49 generally exhibited the lowest incidences of leaf rust (the latter four are also scab resistant) ( Table 2 ). The incidence of leaf rust on Pinova (44.7%) and NJ 109 (36.3%) was higher relative to other cultivars in New York when compared with Virginia (8.3 and 6.2%, respectively). 1999 group -fruit. Across all cultivars and locations, mean disease incidence on fruit ranged from 0% for many cultivars in both Virginia and New York to 25.9% for CQR10T17 in New York (Table 2) . Disease incidence was generally low in Virginia; with the highest incidence also observed on CQR10T17 (5.5%). Disease incidence was 0% at both locations for Rogers McIntosh, Sundance, NY 79507-49, and NY 79507-72 (the latter three are scab resistant). For the standard Golden Delicious, mean disease incidence ranged from 5.0% in Virginia to 9.6% in New York. Incidence of cedar apple rust on fruit varied among cultivars (P = 0.01) but not among locations (P = 0.19); the cultivar × location interaction was not significant (P = 0.25). Incidence of cedar apple rust on leaves was not correlated with incidence of cedar apple rust on fruit. Quince Rust 1995 group. Across all cultivars and locations, mean disease incidence on fruit ranged from 0% for Pioneer Mac in New York to 56.0% for Fortune in Virginia (Table 3) . Quince rust incidence was much lower in New York than Virginia. For the standard Golden Delicious, mean disease incidence ranged from 24.0% in Virginia to 3.6% in New York. Incidence of quince rust on fruit varied among cultivars (P = 0.0001) and locations (P = 0.0001), and the cultivar × location interaction was significant (P = 0.0001). Fortune and Cameo were generally the most susceptible in Virginia, whereas Suncrisp, Shizuka, and Golden Supreme were the most susceptible in New York. 1999 group. Across all cultivars and locations, mean disease incidence on fruit ranged from 0% for several cultivars in Virginia to 46.0 and 46.5% for Zestar and NJ 109, respectively, in New York (Table 3) . Quince rust incidence was numerically lower in Virginia than New York -the opposite of the 1995 group. For the standard Golden Delicious, mean disease incidence ranged from 6.0% in Virginia to 28.2% in New York. The cultivar × location interaction term was not significant in this analysis (P = 0.44), nor were the cultivar (P = 0.49) and location (P = 0.17) main effects. The cultivars Crimson Crisp, Princess, and NJ 109 were ranked highest for disease at both locations, whereas the cultivars Runkel and Sundance were ranked lowest.
Resistance to Cedar Apple Rust and Quince Rust Not Related
In the 1995 group, no significant relationships were observed for the incidences of these two diseases from data sets from Virginia (2001) and New York (1998, 1999, and 2003) . Likewise, in the 1999 group, no significant relationships were observed for the incidences of these two diseases from data sets from Virginia 
Discussion and Recommendations
Cultivars had similar cedar apple rust leaf incidence across locations in the 1999 group, but dissimilar incidence in the 1995 group. Cultivar fruit reactions were similar among locations for both groups. Differential reactions among apple cultivars at different locations were first observed by Bliss (9) and McNew (17) and the presence of distinct pathogenic populations of G. juniperivirginianae was first demonstrated by Aldwinckle (3) then further elucidated by Korban et al. (16) . The existence of physiological populations of G. juniperivirginianae underscores the need for projects such as NE-183 in which new cultivars can be tested under a wide variety of conditions. The data in the present study suggest that cultivars in Virginia may be ordered differently from those in New York, suggesting the presence of distinct rust races at these locations.
There are no reports on the existence of physiological populations of G. clavipes. One explanation for differences among cultivar susceptibility ranks in New York and Virginia could be different pathogenic populations of G. clavipes in those locations, although the cultivar × location interaction was significant only with the 1995 group. Another explanation could be the coincidence of infection periods with tree phenology. The phenological window for quince rust infection is fairly narrow, with maximum susceptibility occurring between the pink bud and petal fall stages of bud development (14) . Later-blooming cultivars may have escaped infections during rain events that occurred when the earliest cultivars were at pink, whereas late-blooming cultivars might have been at greater risk from infection periods that occurred when the early cultivars were at petal fall.
With rust populations exhibiting significant geographic variation in virulence on apple cultivars, it may be tempting to plant cultivars in a particular region that show favorable differential resistance. The work of Korban et al. (16) would caution against this, however, as their study demonstrated a shift in virulence of G. juniperi-virginianae compared to that presented 10 years earlier by Aldwinckle (4) . The most reliable cultivars would be those that consistently express resistance at all geographic locations.
The characterization of resistance to G. juniperi-virginianae in apple leaves has been expressed variably by different researchers. Bliss (9) and Niederhouser and Whetzel (19) used five groups: immune (no symptoms); very resistant (flecks only); resistant (pycnial, but no aecia); susceptible (few aecia); and very susceptible (many aecia). Our study would not have separated among the latter three levels of resistance.
Previously, Aldwinckle (2) demonstrated that lower inoculum concentrations could result in qualitative differences in lesions, with lower inoculum concentrations more likely to lead to a resistance response in the host. Although rust data were collected at all locations in all years, for the purposes of determining relative susceptibility, only data sets that showed a minimum of 10% cedar apple rust leaf infection incidence on the cultivar Golden Delicious were included in the analyses in an attempt to avoid mischaracterization of relative susceptibility related to low inoculum levels.
Although there was no relationship between relative susceptibility to either rust pathogen and genetic resistance to the apple scab pathogen, Venturia inaequalis, scab-resistant Sundance, Enterprise, NY 65707-19, NY 75414-1, NY 79507-72, and NY 79507-49 were among the most resistant to cedar apple rust in these plantings. This is an important attribute for early season disease management in areas where cedar apple rust is a problem, and particularly so if one is attempting to grow fruit as certified organic where effective controls are lacking. Sundance was also the least susceptible to quince rust. By contrast, scab-resistant GoldRush, Pristine, Scarlet O'Hara, Princess, Crimson Crisp and CQR10T17 were highly susceptible to cedar apple rust and would require early season fungicide applications for rust management in high inoculum areas in spite of their resistance to scab.
It is doubtful if multiple location evaluations will take place in the future on the scale described herein. The trend in the apple industry is toward "club varieties" where only certain producers are permitted to grow a certain cultivar, in order to have more stability in the market and to control price volatility related to abundant supply. Under this approach to cultivar development and release, there could be large acreages established with significant financial investment prior to our gaining a thorough knowledge of a cultivar's relative susceptibility to particular diseases and geographic variation related to disease expression.
